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ABSTRACT 
The  X5563  tumor  has  been  grown in  tissue  culture.  Cells similar to  those of the original 
tumor  migrated  from  the  explant  and  attached  to  the  glass  walls of the  culture  vessels. 
Electron  microscopy  showed  that  large  numbers  of  particles,  similar  in  morphology  to 
virus particles,  were  associated  with  these  cells after  7 days of culture.  The  two  principal 
types  of particles  found  in  the  tumor  in  vivo  appear  to  be  present  in  vitro.  Many  more of 
these  particles,  however,  were  larger  and  showed  a  more  complex  structure.  Whereas 
the particles were mainly localized inside endoplasmic reticulum or the Golgi zone in the 
tumors  in  vivo,  in  the  tissue  culture  the  majority of the  particles  were  associated  with  the 
plasma  membrane  and were found outside of the cells. The relation of the particles to the 
granular  body is discussed  as well as  a  possible  relation  to the  mammary  tumor  agent. 
INTRODUCTION 
The  localization  and  morphology  of  particles 
observed in a  series of MPC-1  and  X5563  tumors 
have been  described  in  Part  I  of this report.  The 
majority of the particles seen in the MPC-1  tumor 
and in the earlier stages of the X5563  tumor were 
smaller  and  simpler  in  morphology  compared  to 
those  developing  in  late  X5563  tumors.  In  the 
absence  of  positive  results  from  transmission  ex- 
periments  it  was  speculated  that  the  majority  of 
the  particles  seen  represented  an  incomplete  and 
noninfective  form  of  virus.  A  few  late-stage 
X5563  tumors  were  included  in  the  cell-free 
transmission  experiments;  to date,  these also have 
given negative results.  On  this  hypothesis,  there- 
fore, only a  small proportion of the particles in the 
later  tumors  also  could  be  infective. 
In  some  tumor  virus  systems,  it  has  proved 
possible  to  observe  an  increase  in  numbers  of 
virus  particles  inside  the  tumor  cells after  cultur- 
ing them for short periods of time.  In some cascs, 
e.g.,  avian  myeloblastosis  (1),  it  was  possible  to 
observe  with  the  electron  microscope  large  in- 
clusions  of  virus  inside  the  tumor  cells  in  vitro; 
in vivo, these cells contained very few recognizable 
particles.  Tissue  culture  of the  X5563  tumor  was 
undertaken  in  an  attempt  to  obtain  more  con- 
centrated and possibly more infective preparations 
of the particles. 
The  tissue  culture  technique  described  was 
successful  in  cultivating  the  tumor  cells  and  in- 
creasing  the  number  of  particles  in  and  around 
these  cells.  Under  these  conditions,  considerable 
differences in morphology and development of the 
particles were observed.  The activity of the tissue 
culture  supernatants  is  at  present  under  test. 
The possibility that the particles are related to the 
mammary  tumor  agent  is examined  further  by a 
comparison  of the  morphology  and  development 
of both  types  of  particles. 
369 MATERIALS  AND  METHODS 
Source of  Cell Line and  Preparation of  Cultures:  Two 
C3H mice were selected 16 days after tumor transfer 
(Part  I)  bearing  subcutaneous X5563  tumors at  the 
site  of inoculation.  Portions  of tumor  were  removed 
under sterile conditions and washed with phosphate- 
buffered, balanced salt solution. Necrotic  areas were 
discarded,  and  the  remainder  was  minced  with 
scalpel  blades  into  1  to  2  mm.  cubes.  The  culture 
vessels were  35  ram.  petri  dishes.  Eight to  12  pieces 
of  tumor  were  embedded  in  each  dish  in  a  chick 
plasma-chick  embryo  extract  clot.  The  unsealed 
dishes  were  incubated  at  35°C.  in  a  humidified  5 
per  cent  CO2  atmosphere for  16  hours.  Five  ml.  of 
liquid  medium  containing  15  per  cent  fetal  calf 
serum  (2)  were  then added to each dish. 
Care  of  the  Cultures."  The  culture  medium  was 
changed at  alternate  3  and 4  day intervals. The old 
medium was decanted,  pooled,  and frozen in liquid 
nitrogen  for  later  use  in  particle  purification  and 
cell-free  transfer  experiments.  All  our  observations 
were  made  on  the  primary  cultures.  Attempts  to 
subculture  the  line  either  by  trypsinization  or  by 
scraping have so far proved unsuccessful. 
Electron  Microscopy  Technique."  One  dish  was  re- 
moved  for  electron  microscopy  preparation  at  3,  7, 
10,  14,  17,  21,  and  24  days  after  the  start  of  the 
culture.  The  clot  and  the  explants  were  removed 
aseptically  and  the  walls  of the  dish rubbed  with  a 
rubber  policeman  to  dislodge  attached  cells.  The 
suspension  was  centrifuged  at  low  speed  for  10 
minutes  to  sediment  the  cells,  and  the  supernatant 
removed and frozen in liquid  nitrogen.  The explant 
and  clot  containing  the  cells  of the  outgrowth  were 
dissected  beneath  a  drop  of ice-cold  Palade's  osmic 
acid fixative  (pH  7.2-7.4).  The explant and the clot 
were  divided  into  inner  and  outer  portions.  The 
specimens  were  all  fixed  for  90  minutes  in  osmic 
acid while cooling in ice. The rest of the dehydration 
and  embedding  procedure  was  identical  with  that 
described in Part  I  of this report.  The techniques of 
microtomy,  lead  subacetate  staining,  and  micros- 
copy were  also the same as described in Part  I. 
Lz~¢ht Microscopy Methods."  The  dense  masses  inside 
the nuclei of tumor plasma cells were investigated by 
histochemical  techniques.  Zenker-formol  (9: 1  ) 
mixture  was  used  as  a  fixative.  Azure  B  bromide 
(3),  methyl pyronine  (4),  and Feulgen staining were 
used  before  and  after  RNase  digestion  (Armour, 
1 mg./ml, incubated for 2  hours at 37C°.). 
RESULTS 
I.  Electron  Microscopy  of  X5563  Plasma  Cells 
in  Tissue Culture  and Associated Particles 
A.  Cell  Morphology Changes During  Tissue  Culture: 
An outgrowth of a  few cells was visible outside the 
explant  as early  as  12  hours after  the  start  of the 
culture.  In  the  next  few  days  cells  migrated  out 
into  most  of  the  plasma  clot.  At  this  stage,  by 
phase microscopy, there appeared  to be a  mixture 
of  large  round  cells  and  spindle-shaped  cells. 
Electron  microscopy  of  a  portion  of  the  plasma 
clot  containing  the  outgrowth  at  3  days  showed 
large  numbers  of  cells  of  fibroblast  morphology. 
The  cytoplasm  was  elongated  and  an  ovoid 
nucleus  with  a  prominent  nucleolus  was  present 
at  the  middle  of  the  cell.  Many  inclusions  of 
moderately dense material were also present in the 
FIGURE  l 
A  tumor  plasma cell  from  a  14  day  tissue culture.  The  nucletis  (N)  is  irregular  in 
shape  and  nucleoli  (Nu)  are  prominent.  The  abundant  endoplasmic reticulum  (ER) 
contains very few particles  Many particles  (VP)  are located at the plasma membrane. 
Mitochondria  (M)  and  possible  ferritin  inclusions  (I)  are  also  shown.  The  densc 
inclusions  (F)  probably represent fat vacuoles.  X  8600. 
FIGURE 
Dense material  (Nu) inside the nuclcus (N)  of a  tumor plasma cell from a  14 day tissue 
culture.  This  appearance  was  common in  tumor  cells,  both  in vivo and  in vitro. The 
mass is attached  to  the nuclear membrane on one side.  Endoplasmic reticulum  (ER) 
and probably ferritin inclusions (I)  are also shown.  X  6500. 
FIG (;RE ?I 
Part of the dense material  (Nu)  of Fig.  2  at higher magnification. No virus-like bodies 
are present.  Very dense fine material  (CR) lies at the periphery of the main mass. At 
CRa, it  has a  reticulated  or stringlike form.  Part  of the  main mass is  attached  to  the 
nuclear membrane (NM).  X  20,400. 
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but had a more extensive cytoplasm with abundant 
endoplasmic  reticulum.  A  small  number  of  cells 
at this stage appeared quite similar to the original 
tumor  plasma  cells.  The  outer  and  inner  parts 
of  the  explant  were  examined  separately.  Both 
portions  showed  moderate  numbers  of  necrotic 
tumor  cells.  Fibroblasts were  abundant but there 
was  little  evidence  of  collagen  formation, 
In the interval 7 to  14 days after the start of the 
culture,  the outgrowth in the clot became denser, 
and many cells were spread over the glass surface 
of the  bottom of the  petri dish.  At  14 days,  very 
few  fibroblasts  were  present  in  the  outgrowth. 
The  majority of the  cells were  large,  round,  and 
variable  in  size,  with  bizarre-shaped  nuclei.  The 
explant at  14 days  showed considerable  degenera- 
tion, and relatively few recognizable tumor plasma 
cells  were  present.  The  bulk  of  the  explant  was 
made  up  of necrotic  cells,  fibroblasts,  and  many 
bundles  of  collagen  fibers.  Some  of  the  plasma 
clots showed evidence of lysis and became detached 
from  the  base  of  the  petri  dish.  In  the  electron 
microscope  several  different  cell  types  were  seen 
in  the  outgrowth.  Some  were  very similar  to  the 
tumor  plasma  cells  described  in  Part  I.  A  cell 
of  this  type  fi'om  a  14  day  tissue  culture  is  il. 
lustrated  in  Fig.  1.  The  nucleus  is  irregular  in 
shape  and  a  portion  of  a  structure  resembling 
the  nucleolus  (Nu)  is  attached  to  the  nuclear 
membrane.  The  chromatin  appears  to  be  more 
dispersed  than  in  the  normal  plasma  cell.  The 
endoplasmic reticulum (ER) is abundant through- 
out the cytoplasm.  The vely dense  inclusions  (I) 
probably  represent  iron-containing  deposits 
derived  fi'om  the  breakdown  of  the  red  blood 
cells  carried  into  the  culture  with  the  tumor 
(5).  The  plasma membrane is lined with particles 
(VP).  Denser,  fat-like  inclusions  are  also  present 
(F). 
Very  large  dense  masses  are  sometimes  seen 
inside  the  nucleus  (Fig.  2).  These  are  also  fre- 
quently present in MPC-I  and X5563 tumor cells 
in vivo. In  Fig.  2,  the mass is attached to one side 
of  the  nuclear  membrane  and  extends  almost 
across  the whole  nucleus.  A  portion  of this dense 
material is shown at higher magnification in Fig. 3. 
The  main  mass  (Nu)  is made  up of fine granular 
substance,  and  at  the  edges  there  are  clumps  of 
some  material which is even more electron-dense, 
No  particles  resembling  viruses  are  present.  At 
CRb  the  denser  material  has  a  reticulated  or 
stringlike form.  The interpretation of these masses 
was  facilitated  by  light  microscopy  of  similar 
structures  in  sections  of  the  MPC-I  abdominal 
tumor.  Feulgen  staining showed  that  the  largest 
masses  inside  the nucleus were  Feulgen  negative, 
although Feulgen-positive  material was  attached. 
Methylpyronine staining and also azure B bromide 
staining before and after RNase digestion indicated 
that  the  masses  contained  appreciable  amounts 
of RNA.  Occasionally,  as  many as 5  large reticu- 
lated,  morphologically distinct nucleoli were  seer 
by  electron  microscopy  in  a  cell  section.  It  was 
concluded  that  the  masses  of  Feulgen-negative 
material  represented  unusually  large  nucleoli. 
Virus-like  particles  were  not  seen  in  association 
with  these  masses  in  the  tissue  culture  material. 
The  principal  other  cell  types  present  in  the 
14  day  tissue  cultures  resembled  monocytes  and 
macrophages.  Often,  one  part  of  the  cytoplasm 
of  a  monocyte-like  cell  showed  a  large  amount 
of endoplasmic  reticulum  and  suggested  a  transi- 
tion  fi'om or  to  a  plasma  cell, 
FIGURE 
Group of particles (VP) outside a tumor plasma cell from a  14 day tissue culture. The 
plasma membrane (PM) is very convoluted, and a considerable amount of fine granular 
material  (GM)  lies in  the cytoplasm  adjacent to  it.  The  particles  resemble Type  A 
viruses  (6)  (VP1) or  Type  C  (7)  (VP2), while  a  few  resemble Type  B  (6)  (VP.~). A 
portion of endoplasmic reticulum (ER) is included.  >(  48,000. 
FIGURE 5 
Large  numbers  of particles  are  shown  inside  smooth-walled  vacuoles  (V)  near  the 
periphery of the cell,  The plasma membrane (PM)  was very convoluted.  A  granular 
body  (GB) and endoplasmic reticulum  (ER) are also shown.  X  31,300. 
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almost  covered  with  large  round  cells,  while  in 
most  dishes  the  explant  and  clot  were  no  longer 
present. After 21  days, a  decline in cell population 
occurred,  but some cultures are being maintained 
in an enriched medium. 
B.  Localization and Morphology of Particles in  Tissue 
Culture:  LOCALIZATION OF  PARTICLES.  No  parti- 
cles  were  seen  associated  with  the  outgrowth  at 
3  days.  Particles  identical  with  those  associated 
with  the  late  X5563  tumor  were  found  outside 
the  cells  of  the  outgrowth  at  7  days  (Fig.  8).  A 
number  of granular  bodies  (GB)  are  distributed 
among the particles, suggesting the breakdown of 
a  cell  containing  an  inclusion  body.  Particles 
(I/'P4)  sometimes  showed  a  resemblance  to  the 
smaller granular  bodies  (GB.,.). The  outer  double 
membrane  and  internal  granularity  look similar. 
Particles  sometimes  seemed  to  be  attached  to 
granular  bodies  (VPI,  VP3).  Doughnut-shaped 
particles  (similar to Type A  viruses in Bernhard's 
classification  (6))  were  also  seen  associated  with 
the plasma membrane. These were more frequent 
in the 14 day cultures. Tumor plasma cells present 
in  the  explant  sometimes  showed  the  same  large 
inclusions,  made  up  of  particles  and  granular 
bodies,  as  are  found  in  the  late-stage  X5563  tu- 
mors.  In  these  inclusions,  many  granular  bodies 
were distributed among the particles. As with the 
late-stage  X5563  tumor  in  vivo, the  majority  of 
the  particles  were  present  between  structures  in 
the cytoplasmic matrix and only a  few were found 
inside  the  endoplasmic  reticulum. 
At  14 days,  there  seemed  to  be  a  considerable 
increase  of particles  among  the  cells  attached  to 
the wall  of the  culture  dish.  The  majority  of the 
particles were found outside  the cells and in close 
association  with  a  very  convoluted  plasma  mere- 
brane (Fig. 4). This situation is in striking contrast 
to  the  location  of  particles  in  the  tumor  in  vivo, 
where  very  few  particles  are  found  outside  the 
cells.  The  particles  (VP)  have  a  diameter  of  85 
to  105  m#  and  appear  somewhat  more  pleomor- 
phic  than  those  found  inside  the  endoplasmic 
reticulum of MPC-1  tumors  (Part I).  The plasma 
membrane  shows  many  processes  and  adjacent 
vacuoles and is lined with a  fine granular material 
in  the  cytoplasm.  The  endoplasmic  reticulum 
(ER)  contains  slightly  dense  material  suggestive 
of protein. An unusually large number of particles 
inside vacuoles at the periphery of the cell is shown 
in Fig. 5. The vacuoles (I7) containing the particles 
are smooth walled  and so probably do not repre- 
sent  endoplasmic  reticulum  sacs.  The  particles 
do not seem to show  a  distinct attachment to  the 
wall,  and  it  is possible  that they were  taken  into 
the  cell  during  pinocytosis.  The  particles  here 
are  particularly  pleomorphic,  but  the  majority 
appear  to  be  similar  to  viruses  of  Type  C  in 
Bernhard's  classification  (7)  and  show  a  fairly 
dense  center.  They  range  in  size  from  95  to  120 
m#.  A  granular  body  (GB)  is  also  shown.  In 
general,  the  tissue  culture  cells  showed  far  fewer 
Palade  granules,  both  around  the  endoplasmic 
reticulum  sacs  and  free  in  the  cytoplasm,  as 
compared  with  the  tumor  cells  in  vivo. 
Most of the particles were found  in  close  prox- 
imity  to  the  plasma  membrane,  and  sometimes 
were attached to it by a narrow neck. The particles 
at  the  edge  of some  cells  seemed  very  similar  to 
those inside endoplasmic reticulum of the MPC-1 
tumors  (Part  I),  as  is  illustrated  in  Fig.  6.  The 
particles at  VP1 and  VP.,. show attachment to  the 
plasma  membrane  by  a  narrow  neck,  while 
others,  as  at  VPa  and  VP4,  lie  free  outside  the 
plasma  membrane.  The  particles  outside  other 
FIGURE 6 
Portion of the plasma membrane  (PM)  of a  tumor plasma cell from a  14 day tissue 
culture.  The particles  (VP)  resemble Type  A  viruses. The particles  VP1 and  VP2 are 
attached  to  the  plasma  membrane  by  a  narrow  neck,  while  those  at  VP3  and  VP4 
lie outside the cell. The particles have a  diameter of 85 to  100 mp.  X  77,000. 
FIGURE 7 
A plasma cell from a  14 day culture of the tumor containing a large amount of granular 
material (GM) in the cytoplasm. Palade granules are sparse in this region. Pleomorphic 
particles are distributed at the plasma membrane and some  (VPI-VPa)  are present in 
vacuoles in the cytoplasm. The endoplasmic reticulum sacs (ER)  contain some slightly 
dense material  >(  27,000. 
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consisted mainly of Type C. Some Type C particles 
were also present inside vacuoles in the cytoplasm 
(VP1-VPa).  Other  particles  (VP4)  seem  to  be 
present  free  in  the  cytoplasm.  The  peripheral 
portion  of  the  cytoplasm  is  filled  with  a  fine 
granular  material  (GM)  and  Palade  granules 
are  sparse  in  this  region. 
MORPHOLOGY  OF  THE  PARTICLES. The  dough- 
nut-shaped  particles  seen  outside  of  some  cells 
are  very  similar  to  those  occurring  inside  endo- 
plasmic  reticulum  in  MPC-1  tumors  (Part  I), 
but the outer surface of the particle is not usually 
rough.  In  Fig.  9,  a  group  of  particles  is  shown 
outside the cell.  In this group,  some appear to be 
of  doughnut  form  (VPb  VP2),  while others (VPa 
VP4)  show  a  denser  center.  The  particle  size 
ranges from 75 to  110 m#.  In Fig.  10 some of the 
particles  at  the  plasma  membrane  of  the  cell 
shown in Fig.  1 are presented at higher magnifica- 
tion.  The particle at  VP~ appeared to be budding 
in  a  manner  identical  to  that  seen  inside  endo- 
plasinic reticulum of MPC-1  tumors  (Part I). The 
outer  coat  of this  particle  appears  to  be  slightly 
rough,  whereas  the  majority  of Type  A  particles 
in  tissue culture  are  smooth.  Fig.  I I  shows  a  few 
particles  resembling  Type  C  viruses  at  higher 
magnification. The single outer membrane appears 
definite  but  somewhat  irregular  in  shape.  The 
inner  membrane  appears  double  any  very  ir- 
regular.  In  VPI there  is no dense  material  at  the 
center,  as  is  present  in  VP~_, VP3, and  VP.,. 
C. Granular Bodies in  7"issue Culture Cells:  Gran- 
ular  bodies,  identical with those described in Part 
I,  were  frequently  encountered  in  the  tissue 
culture  cells.  More  examples  of particles  situated 
inside  the  granular  bodies  were  fotmd  in  this 
material  than  in  the  MPC-I  and  X5563  tumors 
in vivo. An example is shown at high magnification 
in  Fig.  12.  The  structure  is partly surrounded  by 
a  double  membrane  (DM),  and  a  particle  (VP) 
is present. The inner material of the structure  (GB) 
is granular,  but in  this case  shows  no  cristae-like 
membranes.  Fig.  14 shows  a  portion  of the  cyto- 
plasm of another cell  after  14 days  of culture.  A 
number  of  granular  bodies  are  present  (GB). 
At  GB1,  a  similar  structure,  but  showing  less 
granular  material,  contains  a  particle  (VP).  The 
cytoplasm  also  contains  many  ill-defined,  small 
dense  areas  (G.M) 
FIGURE 8 
A group of particles  (VP)  outside the cells of the outgrowth of a  7 day culture of the 
X5563 tumor.  Granular bodies (GB) are also present. The particle VP, is attached to 
granular body GB1. Particles VP2 and VPa may represent either small granular bodies 
or  particles.  A  small  round  structure  is  attached  to  VP~. The  particle  VP~  appears 
similar, but smaller,  to granular body GB.,,. The particle at  VPr, shows a  distinct nu- 
cleoid.  X  64,000. 
FIGURE 9 
A  group of particles of varied morphology outside a cell from a  14 day tissue culture. 
Stone particles resemble Type  A  viruses  (FP1,  VP2), while others are similar to Type 
B or C  (VP3, VP4). PM represents the plasma  membrane.  X  75,000. 
FIGURE l0 
Some  of the  particles  shown  at  the plasma  membrane in  Fig.  1  are  here  shown  at 
higher magnification. At  VP~ the particles seem to  be budding in a  manner identical 
to that seen inside endoplasmic reticulum in MPC-1  tumors.  The plasma membrane 
is shown at pier.  >(  64,500. 
FIGURE 11 
A group of particles similar to Type C  viruses from a  14 day tissue culture. The outer 
membrane  (VP,) is nearly smooth. The inner membrane appears to be double but is 
very irregular. The particles at VP.2, VP:~, and VP4 have a denser nucleoid.  X  170,000. 
376  THE  JOURNAL OF  BIOPItYSICAL AND  BIOCrtEMICAL CYTOLOGY •  VOLUME 9,  1961 PAI~SONS ET  ),L.  Plasma-Cell  Tissue  Cultures  377 H.  Electron  Microscopy  of  Ultracentr([uged  Frac- 
tions of the  Tissue  Culture  Supernatant 
The combined supernatants obtained on chang- 
ing  the  cultures  were  utilized  to  obtain  concen- 
trated preparations of particles.  The supernatants 
were  selected  in  the  period  7  to  14  days,  when 
most particles were  present in the electron micro- 
scope  preparations  of  the  tissue  culture  cells. 
No  particles  were  observed  in  uhracentrifuged 
fractions from  5  ml.  of a  7  day  supernatant  that 
had  been  passed  through  a  Selas  03  filter.  In 
another  experiment,  16  ml.  of  an  unfiltered  10 
day  supernatant  were  used.  The  60,000g  pellet 
showed  moderate  numbers  of  particles,  as  is 
illustrated in Fig.  13. 
DISCUSSION 
In  the  absence,  to  date,  of  positive  results  of 
cell-free  transmission  experiments  the  particles 
described  cannot  be  proved  to  be  viruses  or  the 
etiologic  agents.  The  particles  have  the  general 
morphology  found  in  a  number of tumor  viruses 
(6),  and  their  distribution  is  very  suggestive  of 
viral  proliferation.  Most  of  the  particles  found 
in  the  X5563  tissue  cultures  are  associated  with 
the cells of the outgrowth.  These cells have many 
of  the  characteristics  of  the  tumor  plasma  cell 
in vivo, but the localization and morphology of the 
particles are different.  Only rarely could  particles 
be  seen  outside  the  cells  in  either  MPC-I  or 
X5563 tumors.  The  absence of particles in  ascites 
fluid  and  plasma of mice  bearing MPC-1  tumors 
was noted in Part I.  In tissue culture, the majority 
of  the  particles  are  secn  outside  the  cells  and 
can  be  concentrated  from  the  tissue  culture 
medium  by  ultracentrifugation  (Fig.  13). 
In tissue culture, the morphology of the particles 
is  more  varied.  The  "doughnut  form"  is  fre- 
quently seen (VP1, VP,~  of Fig. 9) and is apparently 
identical  with that seen inside endoplasmic  retic- 
ulum  in  MPC-I  or  earlv  X5563  tumors.  Forms 
with  a  distinct  double  membrane  but  with  an 
increased  inner density  (Fig.  4)  can  also  be seen. 
The  maiority  of  the  particles,  however,  show  a 
dense  center  and  only  one  outer  membrane 
(VPa of Fig.  9,  and  Figs.  10  and  11).  These  are 
the  largest  particles  (approximately  85-120  mtt). 
In  view  of  this  varied  morphology,  the  possi- 
bility was considered that more  than one particle 
was present in the culture.  However,  the repeated 
finding of groups of mixed  particles at the plasma 
membrane (Fig.  10) seemed to make this unlikely. 
The  significance of the  association  of granular 
bodies  (see Part  I)  and  the  particles  is  not  yet 
clear.  This  structure  contains  particles  more  fre- 
quently  in  the  tissue  culture  (Figs.  12  and  14) 
than  in  the  MPC-I  and  X5563  tumors.  It  does 
not  seem  likely  that  the  larger  granular  bodies 
are  a  main  site  of  production  of  particles,  since 
the  latter  occur  more  frequently  at  other  sites. 
However,  a  morphologic  similarity  was  observed 
between  small  granular  bodies  and  particles. 
The  particle  VP4  of  Fig.  8  seems  to  have  an 
outer  double  membrane  and  inner  granularity 
similar to  the  granular  body GB2. In  some  tissue 
culture  cells  there  was  a  large  amount  of  fine 
granular  material  in  the  cytoplasm,  adjacent  to 
FIGURE 1~ 
A granular body (GB) containing a particle (VP) is shown at high magnification. The 
body  is  partly surrounded  by  a  double  membrane  (DM).  X  77,000. 
FIGURE 13 
Particles in the pellet obtained by ultracentrifuging  16 ml.  of tissue culture  medium 
from a l0 day tissue culture. The particles (VP) are distributed among fine granular ma- 
terial (GM).  The particle size ranges from 80 to  115 m#.  X  49,500. 
FIGURE 1~ 
A  portion of a  cell fi'om a  14  day culture to show  a  group of granular bodies  (GB). 
GB, has a less dense center and contains a particle. Several ill-defined areas of granular 
material  (GM)  arc  distributed in the cytoplasm.  The plasma membrane is shown at 
PM.  X  49,000. 
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located  (Fig.  7).  A  similar  material  has  been 
observed  in  the  Golgi  zone  of very  early  MPC-1 
tumors  (see  Part  I).  However,  there  is  little  or 
no  evidence  of  granular  material  adjacent  to 
endoplasmic  reticulum  in  later  MPC-1  tumors. 
The  origin  of  the  MPC-1  tumor  in  a  female 
BALB/c  mouse  in  contact  with  C3H  mammary 
tumor,  and  the  X5563  tumor  in  a  C3H  female 
(.fee Part  I)  raises  the  possibility  that  the  virus- 
like particles reported here are, in fact, the mam- 
mary  tumor  agent.  This  seems  rather  likely  in 
view  of  the  fairly  similar  morphologic  forms  of 
the two types of particles.  However,  on close com- 
parison, differences in sites of formation and mor- 
phology  are  evident.  The type A  particles occur- 
ring in  the cytoplasm,  and especially in the region 
of the Golgi apparatus in the epithelial cells of the 
mouse  mammary  tumor  (8)  appear  similar  to 
those  seen  inside  endoplasmic  reticulum  of  the 
MPC-1  tumor. No report has been  made  of par- 
ticles  inside  endoplasmic  reticulum  in  the mam- 
mary  tumor,  nor has comment  been made  as  to 
the presence or association cf granular bodies with 
these particles.  The Type B  particles of Bernhard 
(6)  are  commonly found outside of the epithelial 
cells in  the mammary tumor.  These particles are 
approximately  105 m/~ and show  a  markedly  ec- 
centric small nucleoid  (8).  The  inner membrane 
is usually concentric with the nucleoid. Although 
particles with a  dense center inside a double mem- 
brane  are  occasionally  seen  (VP~  of  Fig.  8)  in 
plasma-cell tumor tissue culture, both membranes 
are  concentric. The Type B  particles seem to form 
at the plasma membrane of the epithelial  cells  of 
the  mammary  tumor  in  a  way  fairly  similar  to 
that for particles seen at the plasma membrane of 
tissue-cultured  plasma-cell  tumors  (Fig.  7). 
However,  many  of  the  particles  lbund  in  these 
tissue cultures resemble  Type  C,  i.e.,  they have a 
single  outer  membrane  and  a  dense,  centrally 
placed  nucleoid  (Figs.  10  and  11).  These  do  not 
seem  to  be  a  prominent  type  in  the  mammary 
tumor  in  vivo  (8)  or  in  vitro  (9). 
Particles similar in size and morphology to those 
occurring  inside  endoplasmic  reticulum  of  the 
BALB/c  and  early  X5563  tumors  have  been 
described  as  occurring  inside  endoplasmic  retic- 
ulum  of  supposedly  noninfected  Ehrlich  ascites 
tumor  cells  (10,  11).  It  was  concluded  (11)  that 
these  structures  did  not  represent  viruses  but  a 
constant  morphological  component  of the  tumor 
cells.  However,  no more complex particles similar 
to  those  observed  in  late  X5563  tumors  or  in 
tissue  cultures  of this tumor  were  described.  The 
examination  of  the  stimulated  normal  mouse 
plasma cells (Part I) did not reveal such structures. 
Also, the particles described  in the present report 
are  not constant in  their site of origin, since they 
have been observed in association with the nuclear 
membranes,  the  plasma  membrane,  free  in  the 
cytoplasmic matrix,  as well as in association with 
the  endoplasmic  reticulum.  Such  variability  in 
form and site of origin of the particles seems more 
consistent with  a  viral nature  rather  than  a  new 
cytologic  component  of  the  neoplastic  mouse 
plasma cell. Recently, the induction of plasma-cell 
tumors  in  BALB/cAn  mice  with  a  paraffin-oil 
Staphylococcus  emulsion  has  been  reported  (12). 
Adequate  controls  were  not  available  however, 
and  no  examination  of the  tumors  for  virus-like 
particles was reported. 
Experiments  are  in  progress  to  determine 
whether  filtered  tissue-culture  fluids  containing 
the  particles  of  more  complex  morphology  are 
active  in  producing  plasma-cell  tumors  in  new- 
born,  mild-agent-free  C3H  mice.  Quantitative 
tests of the  relation  between  numbers of particles 
and incidence or latency of the tumors are planned. 
The Oak  Ridge National Laboratory is operated  by 
Union  Carbide  Corporation  for  the  United  States 
Atomic Energy Commission. 
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